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AMENDMENT  NO.  1    AUGUST  2006 

TO 

IS  12062  :  1987   METHOD  FOR  MEASUREMENT 

OF  EXHAUST  SMOKE  EMITTED  BY  AGRICULTURAL 

TRACTORS 

( Page  7,  Appendtc  A,  clause  A-1S.1 )  —  Substitute  the  following  for  the 
existing  text: 

'The  light-absorption  coefficient  k  shall  be  calculated  using  the  formula: 

where 

L       -  effective  length  of  the  li^t  path  through  the  gas  to  be  measured, 
0oe  -  incident  flux,  and 
0     =  emergent  flux. 

If  the  effective  length  L  of  a  type  of  opacimeter  cannot  be  accessed  directly  from 
its  geometry,  the  effective  length  shall  be  determined  in  one  of  the  following 
ways: 

a)  by  the  method  specified  in  the  A-3, 

b)  by  correlation  with  another  type  of  opacimeter  for  which  the  effective 
length  is  known/ 


(FADU) 
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Indian  Standard 


METHOD  FOR  MEASUREMENT  OF 

EXHAUST  SMOKE  EMITTED  BY 

AGRICULTURAL  TRACTORS 

0.    FOREWORD 

0.1  This  Indian  Standard  was  adopted  by  the  Bureau  of  Indian  Standards 
on  30  June  1987,  after  the  draft  finalized  by  the  Agricultural  Tractors 
and  Power  Tillers  Sectional  Committee  had  been  approved  by  the  Agri- 
cultural and  Food  Products  Division  Council. 

0.2  With  the  increasing  awareness  for  keeping  the  environment  free  from 
pollution,  efforts  are  being  made  to  minimize  the  smoke  level  emitted  by 
vehicles,  be  it  for  transport  or  for  agricultural  operations.  It  was  felt  nece- 
ssary, at  first  instance,  to  rationalize  the  test  methodology  for  this  charac- 
teristics as  applicable  to  agricultural  tractors.  Test  method  for  entwines  and 
diesel  vehicles  excepting  agricultural  tractor  has  been  covered  in  IS  :  1 0000 
(  Part  10  )-1980*and  IS  :  8118-1987t  respectively. 

0,3  In  preparation  of  this  standard,  assistance  has  been  taken  from 
ISO  789/4-1982  Agricultural  tractors  —  Test  procedures  — -  Part  IV 
Measurement  of  exhaust  smoke,  issued  by  the  International  Organization 
for  Standardization. 

0.4  In  reporting  the  result  of  a  test  or  analysis  made  in  accordance  with 
this  standard,  if  the  final  value,  observed  or  calculated,  is  to  be  rounded 
off,  it  shall  be  done  in  accordance  with  IS  :  2-1960J. 


1.  SCOPE 

I.l  This  standard  covers  method  for  measuring  smoke  emitted  by  the 
engine  of  agricultural  tractors  operating  at  a  steady  speed. 

^Methods  of  tests  for  internal  combustion  engines  :  Part  1  Tests  for  smoke  levels, 
limits  and  corrections  for  smoke  levels  for  variable  speed  compression  ignition 
engines. 

tSmoke  emission  levels  for  diesel  vehicles  {Jirst  revision  ). 

tRules  for  rounding  off  numerical  values  (  revised  ). 
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2,  APPARATUS 

2.1  The  following  apparatus  are  required: 

a)  Dynamometer,  and 

b)  Opacimcter  complying  with  the  requirements  of  Appendix  A,  and 
installed  and  used  in  accordance  with  Appendix  B  [  see  also  B-2 
and  Appendix  G  of  IS  :  10000  (  Part  10  ).1980*  ]. 

3.  TEST  CONDITIONS 

3.1  Test  Laboratory  —  The  temperature  and  atmospheric  pressure  in 
the  test  laboratory  shall  be  such  that  the  factor,  F,  when  determined  from 
the  following  formula,  is  greater  than  0-98  and  less  than  1*02: 

0-65        0-5 
«       750  r 


X 


P    ^     298 
where 

P  =  Atmospheric  preessure,  mmHg;  and 

T  ^  Thermodynamic  temperature  in  test  laboratory.  A" 

Note  -  1  mmHg  =  133*322  Pa. 

3.2  Tractor  Condition 

3.2,1  The  tractor  submitted/selected  shall  be  in  good  mechanical 
condition.  The  engine  shall  be  run-in  according  to  the  manufacturer's 
instructions. 

3*2.2  The  engine  settings  and  working  conditions,  particularly  coolant 
and  oil  temperature,  shall  be  those  prescribed  by  the  manufacturer. 

3.2.3  The  tractor  shall  be  fitted  with  those  equipment/auxiliaries  with 
which  power  take-off  power  test  {see  IS  :  12036-1987t)  is  to  be  conducted. 

3.2.4  The  exhaust  device  shall  not  have  any  orifice  through  which  the 
gases  emitted  by  the  engine  could  be  diluted. 

3.3  Fuel  —  If  possible,  fuel  conforming  to  IS  :  1460-19741  should  be  used. 
If  it  is  not  possible,  the  analysis  of  the  fuel  shall  be  made  and  incorpora- 
ted. 


♦Methods  of  tests  foi  internal  combustion  engines  :  Part  10  Tests  for  smoke  levels, 
limits  and  corrections  for  smoke  levels  for  variable  speed  compression  ignition 
engines. 

tMethod  of  test  for  power  take-off  and  belt-pulley  performance  of  Agricultural 
tractors. 

tSpetiiication  for  diesel  fuels  ( second  rtvision  )• 
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4.  PROCEDURE 

4.1  The  opacity  of  the  exhaust  smoke  produced  by  the  tractor  shall  be 
measured  with  the  engine  running  under  80  percent  of  the  maximum  load 
(  maximum  load  shall  be  interpreted  as  the  maximum  torque  at  each  of 
the  six  relevant  engine  speeds  )  and  at  steady  speed.  Six  measurements 
shall  be  made  at  engine  speeds  spaced  out  uniformly  between  the: 

a)  speed  corresponding  to  maximum  power,  and 

b)  higher  of  the  following  two  speeds: 

1)  55  percent  of  engine  speed  at  maximum  power,  and 

2)  1  000  rev/min. 

4,1.1  The  extreme  points  of  measurement  shall  be  situated  at  the  limits 
of  the  intervals  defined  above. 

4.2  In  case  a  tractor  engine  is  fitted  with  an  air  pressure  charger  which  is 
accompanied  by  an  increase  in  the  quantity  of  fuel  injected,  the  measure- 
ments shall  be  made  both  with  and  without  air  pressure  charger  working, 
if  so  designed. 

4.2*1  For  each  engine  speed,  the  result  of  the  measurement  shall  be  the 
higher  of  the  two  figures  obtained. 

4.3  For  each  of  the  six  engine  speeds  at  which  the  opacity  is  measured, 
the  nominal  gas  flow  rate,  q ,  expressed  in  litres/second,  shall  be  calculated 
by  the  following  formula: 


Vxn 
60 


(for  two-stroke  engines) 


q  =a    -r^o —  ^  ^^"^  four-stroke  engines  ) 

where 

V  ««  cylinder  capacity  of  the  engine,  in  Utrcs;  and 
n  =  engine  speed,  rcv/min. 

5.  REPORTING  OF  RESULTS 

5.1  The  results  shall  be  reported  in  Xht  pro  forma  given  in  Appendix  C.  If 
required,  for  converting  one  smoke  unit  to  other,  the  assistance  may  be 
taken  from  Fig.  3  of  IS  :  10000  (  Part  10  )-1980*. 

•Methods   of  tests   for  interna]  combustion  engines;  Part  10  Tests  for  smoke  levels, 
limits  and  corrections  for  smoke  levels  for  variable  speed  compression  ignition  engine. 
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APPENDIX     A 

[  Clause  2.1(b)  ] 

CHARACTERISTICS  OF  OPACIMETERS 

A-l.  BASIC  SPECIFICATION 

A-1.1  The  gas  to  be  measured  shall  be  confined  in  an  enclosure  having  a 
non-reflecting  internal  surface. 

A*l«2  In  determining  the  effective  length  of  light  path  through  the  gas, 
account  shall  be  taken  of  the  possible  influence  of  devices  protecting  the 
light  source  and  photoelectric  cell.  This  effective  length  shall  be  indicated 
on  the  instrument. 

A-1.3  The  indicating  dial  of  the  opacimeter  shall  have  two  measuring 
scales,  one  in  absolute  units  of  light  absorption  from  0  to  oo  (m*i)  and  the 
other  linear  from  0  to  100;  both  scales  shall  range  from  0  at  total  light  flux 
to  full  scale  at  complete  obscuration. 

A.2.  CONSTRUCTION 

A-2.1  Genera!  —  The  design  shall  be  such  that,  under  steady-speed 
operating  conditions,  the  smoke  chamber  is  filled  with  smoke  of  uniform 
opacity. 

A-2.2  Smoke  Chamber  and  Opacimeter  Casing 

A-2.2.1  The  influence  on  the  photoelectric  cell  of  stray  light  due  to 
internal  reflections  of  diffusion  effects  shall  be  reduced  to  a  minimum  (  for 
example,  by  finishing  internal  surfaces  in  matt  black  and  by  a  suitable 
general  layout). 

A-2.2.2  The  optical  characteristics  shall  be  such  that  the  combined 
effect  of  diffusion  and  reflection  does  not  exceed  one  unit  on  the  linear 
scale  when  the  smoke  chamber  is  filled  with  smoke  having  an  absorption 
coefficient  near  1*7  m"i. 

A-2.3  Light  Source  —  The  light  source  shall  be  an  incandescent  lamp 
with  a  colour  temperature  in  the  range  from  2  800  to  3  250  K. 

A-2.4  Receiver 

A-2.4.1  The  receiver  shall  consist  of  a  photoelectric  cell  with  a  spectral 
response  curve  similar  to  the  photopic  curve  of  the  human  eye  (maximum 
response  in  the  range  550  to  570  nm,  less  than  4  percent  of  the  maximum 
response  being  below  430  nm  and  above  680  nm  ). 


A-2.5.1  The  light  absorption  cocfBcicnt,  K  shall  be  calculated  using 
the  formula: 
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A»2*4«2  The  construction  of  the  electrical  circuit,  including  the  indicat- 
ing dial,  shall  be  such  that  the  current  output  from  the  photoelectric  cell  is 
a  linear  function  of  the  intensity  of  the  light  received  over  the  operating 
temperature  range  of  the  photoelectric  cell. 

A-2.5  Measuring  Scales 

rpti 

0  ==  ^0  —  KL 
where 

L  =  effective  length   of  the   light  path  through  the  gas  to  be 
measured, 

^0  =  incident  flux,  and 

,  ^  =  emergent  flux. 

If  the  effective  length  Z  of  a  type  of  opacimeter  cannot  be  assessed  directly 
from  its  geometry,  the  effective  length  L  shall  be  determined  in  one  of  the 
following  ways; 

a)  By  the  method  specified  in  A-3,  and 

b)  By  correlation  with   another  type   of  opacimeter  for  which  the 
effective  length  is  known. 

A-2.5.2  The  relationship  between  the  linear  scale  (  0  to  100  )  and  the 
light  absorption  coefficient  K  is  given  by  the  formula: 


where  JV  is  a  reading  on  the  linear  scale. 


A-2.5.3  The  indicating  dial  of  the  opacimeter  shall  enable  an  absorption 
coefficient  of  I  7  mr^  to  be  read  with  an  accuracy  of  0*025  m*"i. 

A-2.6  Adjusting  and  Testing  the  Measuring  Apparatus 

A-2«6«l  The  electrical  circuit  of  the  photoelectric  cell  and  the  indicat- 
ing dial  shall  be  adjustable  so  that  the  pointer  can  be  reset  at  zero  when 
the  light  flux  passes  through  the  smoke  chamber  filled  with  clean  air  or 
through  a  chamber  having  identical  characteristics. 

A-2.6.2  With  the  lamp  switched  off  and  the  electrical  measuring  circuit, 
open  or  short-circuited,  the  reading  on  the  absorption  coefficient  scale  shall 
be  infinity  (  oo  ),  and  it  shall  remain  at  this  value  when  the  measuring 
circuit  is  reconnected. 
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A-2.6.3  An  intermediate  check  shall  be  carried  out  by  placing  a  screen 
representing  a  gas  of  known  absorption  coefficient  if,  between  1*6  and 
18  m"*i  measured  as  described  in  A-2.5.1,  in  the  smoke  chamber.  The 
value  of  K  shall  be  known  to  within  0*025  m~i.  The  check  consist  of  very- 
fying  that  this  value  does  not  differ  by  more  than  0*05  m""i  from  that  read 
on  the  opacimeter  indicating  dial  when  the  screen  is  introduced  between 
the  source  of  light  and  the  photoelectric  cell. 

A-2*7  Pressure  of  the  Gas  to  be  Measured  and  Scavenging  Air 

A*2*7.1  The  pressure  of  the  exhaust  gas  in  the  smoke  chamber  shall  not 
differ  by  more  than  735  Pa  from  the  atmospheric  pressure. 

A-2.7^2  The  variations  in  the  pressure  of  gas  to  be  measured  and  the 
scavenging  air  shall  not  cause  the  absorption  coefficient  to  vary  by  more 
than  0-05  m^^  in  the  case  of  a  gas  having  an  absorption  coefficient 
of  l'7m-i. 

A-2.7.3  The  opacimeter  shall  be  equipped  with  appropriate  devices  for 
measuring  the  pressure  in  the  smoke  chamber. 

A«2*7.4  The  limits  of  pressure  variation  of  gas  and  scavenging  air 
in  the  smoke  chamber  shall  be  indicated  by  the  manufacturer  of  the 
apparatus. 

A-2.8  Temperature  of  the  Gas  to  be  Measured 

A-2.8.1  At  every  point  in  the  smoke  chamber,  the  gas  temperature  at 
the  instant  of  measurement  shall  be  between  70® G  and  a  maximum  tem- 
perature, specified  by  the  opacimeter  manufacturer,  such  that  the  readings 
over  this  temperature  range  do  not  vary  by  more  than  01  m-i  if  the  cham- 
ber is  filled  with  a  gas  having  an  absorption  coefficient  of  1 '  7  mr^. 

A-2.8,2  The  opacimeter  shall  be  equipped  with  appropriate  devices  for 
measuring  the  temperature  in  smoke  chamber. 

A.3.  DETERMINATION  OF  EFFECTIVE  LENGTH  OF  THE 
OPACIMETER 

A'-S.l  General 

A-3.1*l  In  some  types  of  opacimeter,  the  gas  between  the  light  source 
and  the  photoelectric  cell,  or  between  transparent  parts  protecting  the 
source  and  the  photoelectric  cell,  is  not  of  constant  opacity.  In  such  cases, 
the  effective  length,  L  shall  be  that  of  a  column  of  gas  of  uniform  opacity, 
which  is  necessary  in  order  to  obtain  the  same  light  absorption  as 
that  obtained  when  the  gas  is  admitted  in  the  normal  manner  into  the 
opacimeter. 

8 
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A-3.L2  The  effective  length  of  the  light  path  is  obtained  by  comparing 
the  reading  JVof  the  opacimeter  operating  normally  with  the  reading  JVg, 
obtained  with  the  opacimeter  modified  so  that  the  test  gas  fills  a  well- 
defined  length  Lq. 

A-3.1.3  It  will  be  necessary  to  take  comparative  readings  in  rapid 
succession  in  order  to  determine  the  correction  to  be  made  for  shifts  of  the 
^zero*. 

A-3.2  Procedure 

A-3.2.1  The  test  gas  shall  be  exhaust  gas  of  constant  opacity  or  a  light- 
absorptive  gas  of  density  similar  so  that  of  the  exhaust  gas. 

A*3.2«2  Determine  a  length,  Lq  of  the  opacimeter  which  can  be  filled 
uniformly  with  the  test  gas,  and  the  ends  of  which  are  substantially  at  right 
angles  to  the  light  path.  This  length  shall  be  close  to  the  presumed  effective 
length  of  the  opacimeter. 

A-3«2«3  Measure  the  mean  temperature  of  the  test  gas  in  the  smoke 
chamber. 

A-3.2,4  If  necessary,  an  expansion  tank  of  compact  design  and  sufficient 
capacity  to  damp  the  pulsations  may  be  incorporated  in  the  sampling  line 
as  near  to  the  probe  as  possible.  A  cooler  may  also  be  fitted.  The  addition 
of  the  expansion  tank  and  the  cooler  shall  not  unduly  disturb  the  compo- 
sition of  the  exhaust  gas. 

A-3.2.5  Determine  the  effrctive  length  by  passing  a  sample  of  test  Ras 
alternately  through  the  opacimeter  operating  normally  and  through  the 
same  apparatus  modified  as  indicated  in  A-3.1«2. 

A-3.2.5.1  Record  the  opacimeter  readings  continuously  during  the 
test  using  a  recorder  having  a  response  time  equal  to  or  less  than  that  of 
the  opacimeter. 

A-3.2.5.2  With  the  opacimeter  operating  normally,  record  the 
reading  on  the  linear  scale  of  opacity  N  and  the  mean  gas  temperature  7", 
in  Kelvins. 

A-3.2.5.3  With  the  known  length  Lq  filled  with  the  same  test  gas, 
record  the  reading  on  the  linear  scale  of  opacity,  No  and  the  mean  gas 
temperature  To,  in  Kelvins. 

A-3.2*6  The  effective  length  (  L  )  may  be  obtained  by  the  following 
formula: 
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A-3.2.7  Repeat  the  test  using  at  least  four  test  gases  giving  readings 
evenly  spaced  between  20  and  80  linear  scale. 

A-3.2.8  Take,  as  the  effective  length  (  L  )  of  the  opacimeter,  the  arith- 
metic mean  of  the  effective  lengths  as  calculated  in  A-3.2.6,  for  each  of 
the  gases. 


APPENDIX      B 

[  Clause  2A  (b)  ] 

INSTALLATION  AND  USE  OF  THE  OPACIMETER 
B-l.  SAMPLING  OPACIMETER 

B-IJ  The  ratio  of  the  cross-sectional  area  of  the  probe  to  that  of  the 
exhaust  pipe  shall  not  be  less  than  0'05.  The  back  pressure  measured  in 
the  exhaust  pipe  at  the  intake  of  the  probe  shall  not  exceed  735  Pa. 

B-l. 2  The  probe  shall  be  a  tube  with  an  open  end  facing  upstream  in  the 
axis  of  the  exhaust  pipe,  or  of  the  extension  pipe,  if  one  is  required.  It 
shall  be  situated  in  a  section  where  the  distribution  of  smoke  is  approxi- 
mately uniform.  To  achieve  this,  the  probe  shall  be  placed  as  far  down- 
stream in  the  exhaust  pipe  as  possible  or,  if  necessary,  in  an  extension  pipe 
so  that,  if  D  is  the  diameter  of  the  exhaust  pipe  at  the  outlet,  the  end  of 
the  probe  is  situated  in  a  straight  portion  at  a  distance  of  at  least  6/) 
upstream  and  3D  downstream  from  the  sampling  point.  If  an  extension 
pipe  is  used,  no  air  shall  be  allowed  to  enter  the  joint. 

B-1.3  The  pressure  in  the  exhaust  pipe  and  the  characteristics  of  the  pre- 
ssure drop  in  the  sampling  line  shall  be  such  that  the  probe  collects  a 
sample  substantially  equivalent  to  that  which  would  be  obtained  by 
isokinetic  sampling. 

B-1.4  If  necessary,  an  expension  tank  of  compact  design  and  sufficient 
capacity  to  damp  the  pulsations  may  be  incorporated  in  the  sampling  line 
as  near  to  the  probe  as  possible.  A  cooler  may  also  be  fitted.  The  addition 
of  the  expansion  tank  and  cooler  shall  not  unduly  disturb  the  composition 
of  the  exhaust  gas. 

B«L5  A  butterfly  valve  or  other  means  of  increasing  the  sampling  pressure 
may  be  placed  in  the  exhaust  pipe  at  a  distance  at  least  3D  downstream 
from  the  sampling  probe. 
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B-1.6  The  connecting  pipe  between  the  probe,  the  cooling  device,  the 
expansion  tank  (  if  required  )  and  the  opacimeter  shall  be  as  short  as 
possible  while  satisfying  the  pressure  and  temperature  requirements  descri- 
bed in  A*2.7  and  A-'i,8.  The  pipe  shall  be  inclined  upwards  from  the 
sampling  point  to  the  opacimeter  and  sharp  bends,  where  soot  could 
accumulate,  shall  be  avoided.  If  not  embodied  in  the  opacimeter,  a  bypass 
valve  shall  be  provided  upstream. 

B-1.7  A  check  shall  be  carried  out  during  the  test  to  ensure  that  the 
requirements  of  A»2«7  for  pressure,  and  those  of  A-2.8  for  the  temperature 
in  the  measuring  chamber,  are  observed. 

B-2.  FULL  FLOW  OPACIMETER 

B-2.0  The  general  precautions  to  be  observed  are  given  below. 

B-2.1  Joints  in  the  connecting  pipes  between  the  exhaust  pipe  and  the 
opacimeter  shall  not  allow  air  to  enter  from  outside. 

B-2.2  The  pipe  connecting  with  the  opacimeter  shall  be  as  short  as  possi- 
ble, as  in  the  case  of  sampling  opacimeters.  The  pipe  system  shall  be 
inclined  upwards  from  the  exhaust  pipe  to  the  opacimeter  and  sharp  bends 
where  soot  could  accumulate,  shall  be  avoided.  A  bypass  valve  may  be 
provided  upstream  of  the  opacimeter  to  isolate  it  from  the  exhaust  gas  flow 
when  no  measurement  is  being  made. 

B-2.3  A  cooling  system  may  also  be  required  upstream  of  the  opacimeter. 

APPENDIX    C 

(  Clause  5.1  ) 

SPECIMEN  TEST  REPORT 

1«  Tractor  Details 

a)  Manufacturer's  name  and  address 

b)  Tractor  type 

c)  Tractor  model 

d)  Serial  number 
2.  Engine 

a)  Make 

b)  Model 

c)  Type 

d )  Serial  number 

c)  Rated  speed,  rev/min 

l\ 
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3.  Make  and  Type  of  Opacimeter 
4^  Emission  Levels 


SI        Date  of    Engine  Speed    Nominal  Flow  Rate     Measured  Absorption 
No,         Test  revjmin  ?/('A)  Values ,  m"^ 

(1)  (2)  (3)  (4)  (5) 


1. 
2. 
3. 

4. 
5. 
6. 


5.  Fuel   (  attach  specification,  if  reference  fuel  is  not  used  ). 
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